Background/Aims: Awareness of chronic kidney disease (CKD) has been low among affected patients, particularly the older ones. However, whether such awareness is synonymous with the presence of laboratory-diagnosed CKD among older adults is currently unclear. Methods: We enrolled community-dwelling old adults (≥ 65 years) who received health examinations between 2013 and 2016 from a regional metropolitan hospital. Clinical information and geriatric syndromes including depression, cognitive impairment, fall, quality of life, and visual disturbance were evaluated during the medical interview. We compared the differences in clinical features between those with and without self-reported or estimated glomerular filtration rate (eGFR)-based CKD and investigated their influences and interactions on the risk of CKD complications and geriatric syndromes. Results: Among the 2932 enrolled older adults (mean 73.4 ± 7 years), 93 (3%) reported that they had CKD by history, while 306 (10%) had an eGFR < 60 mL/min/1.73m 2 persisted for over 3 months. The prevalence of hyperlipidemia, body mass index, waist circumference, leukocyte count, and the incidence of fall differed only between those with and without eGFR-based CKD, but not between those with and without self-reported CKD. A synergistic effect was found between self-reported and eGFRbased CKD regarding the CKD complication severity, including malnutrition (albumin), anemia (hemoglobin), dyslipidemia (serum cholesterol), and geriatric syndromes (cognitive and quality of life impairment). Multivariate regression analyses showed that self-reported CKD exhibited better predictive efficacy for lower serum albumin and hemoglobin than eGFR-based CKD, while the latter outperformed the former for predicting lower serum cholesterol and a higher risk of cognitive impairment. Conclusion: Among older adults, self-reported CKD may not be a surrogate for laboratory-diagnosed CKD and has an independent effect on CKD-related complications.
Introduction
Chronic kidney disease (CKD) is an important public health issue that affects 8% to 16% of the population worldwide and accounts for 82% excess increase in loss of life [1, 2] . Despite its clinical significance, CKD awareness remains disproportionally low. Based on the National Health and Nutrition Examination Survey results, the awareness of CKD was surprisingly low among respondents with stage 1 (3.5%) to 3 (7.8%) CKD and increased significantly among those with stage 4 CKD [3] . Survey data from the Kidney Early Evaluation Program (KEEP) with more than 70, 000 participants also disclosed that the awareness rate was 8.1%, although one-fourth had laboratory-confirmed CKD [4] . Those with better socioeconomic status, more advanced CKD, more comorbidities (particularly DM and hypertension), or proteinuria were more likely to be aware of CKD compared to the others [3, 5] . Inadequate CKD awareness predisposes these patients to late nephrologist referral, delayed institution of treatment directed against CKD related complications, and poor preparation for dialysis when they reach end stage kidney failure, all of which contribute to increased morbidity and mortality.
A core presumption behind the above arguments is that patients' self-report CKD agrees with their actual renal function status. However, the accuracy of self-reported comorbidities can vary between types of morbidity, educational status or even other socioeconomic factors. The issue of accuracy is particularly problematic for older adults, since their health literacy and the ability to choose appropriate terms for effective medical communication might be declining. Previous studies suggested that among older adults, the accuracy of certain patient-reported comorbid diseases was excellent, while others were poor. Bush et al. identified that self-report diabetes mellitus (DM), myocardial infarction, and stroke exhibited a high agreement (> 90%) with medically diagnosed ones in a cohort of communitydwelling elderly [6] . Another study showed that DM and hypertension could be accurately recognized through self-report questions, while chronic lung disease or other symptombased conditions could not [7] . The issue of inaccuracy in comorbidity reporting may also be prominent among patients from Asian countries; a prior study suggested that self-report hypertension was inaccurate in predicting the presence of hypertension in a cohort of Asian elderly [8] .
Similar situation may be applicable to the recognition of CKD. When an older individual state that they have "CKD," what they mean can range from "I have remote kidney damage" (with uncertain current status) or "I have kidney lesions" (without references to renal function), to "I currently have abnormal kidney function or renal function decline," which is compatible with the official definition of CKD. Importantly, none of the above studies address the accuracy of self-report CKD among elderly. This leaves a research gap that should be filled urgently. It is also expected that CKD based on different identification criteria influence their ability to affect outcomes.
It remains unclear whether self-report CKD has different outcome influences compared to laboratory-confirmed CKD. Several studies suggested that chronic conditions and geriatric syndromes interacted synergistically with respect to their association with health outcomes among older adults [9] , but others revealed that morbidity might be less informative for outcome prediction than geriatric syndromes [10] . The controversy in results from the existing literature may be related to the accuracy of the comorbidity of interest. We hypothesized that self-report and laboratory-based CKD might exhibit differential influences on the risk of having several types of geriatric syndromes among elderly. Using data from a large cohort of community-dwelling older adults, we investigated the clinical features that differ between those with and without self-reported or estimated glomerular filtration rate (eGFR)-based CKD, and the impact of these two assessment methods on patient outcomes, especially CKD-related complications.
Materials and Methods

Enrolment of participants and data retrieval
We prospectively identified all community-dwelling elderly patients (≥ 65 years) who received health examinations between 2013 and 2016 from a regional hospital. Those who received multiple examinations during the study period would only have their first examination results analyzed.
After they received a health examination, we recorded their demographic data including age, gender, anthropometric parameters (body height, body weight, body mass index [BMI], waist circumference), history of substance use (smoking, alcohol consumption, and betel nuts), self-reported comorbidities, and family history of chronic illnesses. Self-reported comorbidities were verified with repeated query during the interview. Prior studies showed that the definition of self-report comorbidity was mostly based on faceto-face interview conducted by trained interviewers using standardized questions in domestic languages without descriptions about the nature of the cited conditions [6] [7] [8] . In the current study, we adopted the standardized methodology used by past reports assessing the accuracy of self-report morbidities.
Participants then underwent physical examinations for blood pressure (BP) and pulse rate (PR), followed by blood tests in the morning for hemogram, serum biochemistry (urea nitrogen [UN], creatinine, aspartate/alanine transaminase, cholesterol, glucose, and uric acid). Participants with abnormal laboratory findings, including an eGFR lower than 60 mL/min/1.73m 2 , were routinely referred to primary care clinics for repeated testing ≥ 3 months later for confirmation of results.
Assessment of geriatric syndromes
Participants were interviewed further about whether they have geriatric syndromes including depression, dementia, reduced quality of life, fall, and visual disturbance. Depression was assessed based on the major criteria for the diagnosis of major depressive disorder in Diagnostic and Statistical Manual of Mental Disorders 5 th version (DSM-V); that is, whether the patient exhibited subjective depressed mood or had anhedonia for most of the day or nearly every day within the last 2 weeks, with 1 point assigned to each criterion (maximal, 2; higher score indicating greater severity) [11] . Quality of life was evaluated using the 5-item Brief Symptom Rating Scale (BSRS) (score range, 0 to 5) as a surrogate, which has been validated in the Taiwanese general population for screening symptom severity and predicting quality of life [12, 13] . The prevalence of fall was assessed by asking whether the patient recalled any experience of fall during the preceding 6 months, while visual disturbance was determined by subjective report. Finally, we assessed cognitive impairment severity through the screening tool AD-8 (score range, 0 to 8), a well-validated tool for cognitive impairment screening with higher scores suggesting more dimensions impairment, the results of which exhibit a high correlation with the Clinical Dementia Rating (CDR) results [14] . All assessment results were ascertained with repetitive queries if participants could not initially clarify their intent.
Analyzing the relationship between self-reported or eGFR-based CKD, CKD complications, and geriatric syndromes
Participant eGFR was calculated based on the CKD Epidemiology Collaboration (CKD-EPI) formula [15] during the initial health examination and subsequent confirmatory testing in the primary care clinics 3 months later. All serum creatinine were measured by the modified Jaffe method, and were IDMS aligned. We defined eGFR-based CKD as those with an eGFR lower than 60 mL/min/1.73m 2 during both screening and repeated testing ≥ 3 months later, since the existing literature still favors a universal eGFR threshold for diagnosing CKD across age [16] . Instances of self-reported CKD were recognized based on medical history from interview (described above).
We first compared the demographic features, comorbidities, family history of chronic illnesses, physical examination parameters, and laboratory profiles between elderly participants with and without self-reported or eGFR-based CKD. The prevalence and severity of each geriatric syndrome were also compared between groups. This was further supplemented by sub-analyses regarding the influences on CKD complications introduced individually or combining the two CKD assessment methods. Finally, we used multivariate linear regression analyses with backward variable selection to evaluate the relationship between self-reported or eGFR-based CKD and multiple CKD complications, including alterations in serum albumin levels (malnutrition/inflammation), hemoglobin (anemia), and total cholesterol (dyslipidemia), as well as the prevalence or severity of geriatric syndromes.
Statistical Analysis
All statistical analyses were done using SPSS 18.0 (Chicago, IL, USA). Continuous and categorical variables were compared using an independent t-test and a Chi-square test, respectively. Comparisons of more than 2 groups were done using analysis of variance (ANOVA). Two-tailed p values lower than 0.05 were considered statistically significant.
Ethical approval
The current study has been approved by the institutional review board (No. 201802088RINC), and its protocol adheres to the Declaration of Helsinki. Their identification information was scrambled before data retrieval, and thus informed consent was waived due to data anonymity.
Results
Over 4 years, a total of 2932 community-dwelling elderly were consecutively enrolled in this study, with a mean age of 74 ± 7 years and 45% male. The most common self-reported comorbidity was hypertension (49%), followed by cardiac diseases (20%), hyperlipidemia (18%), DM (13%), and gout (5%), with a similar trend for the family history of chronic illnesses. Physical parameters were within the normal ranges (systolic and diastolic BP 128.1 ± 16.6 and 68.4 ± 11.1 mmHg, PR 70.4 ± 10.9, waist circumference 83.4 ± 9.2 cm), as were their laboratory profiles (serum albumin, 4.3 ± 0.3 mg/dL; hemoglobin 13.5 ± 1.4 g/dL).
During medical interview, 93 (3.2%) reported that they had CKD by history. Their mean serum creatinine and eGFR were 0.9 ± 0.4 mg/dL and 85 ± 22 mL/min/1.73m 2 , respectively, and those with eGFR < 60 mL/min/1.73m 2 were subsequently confirmed in primary care clinic later, resulting in an eGFR-based CKD prevalence of 306 (10%) among these participants. Those with self-reported CKD had significantly higher age (p < 0.01), higher prevalence of male (p < 0.01), self-reported hypertension (p < 0.01), DM (p = 0.02), gout (p < 0.01), cardiac disease (p < 0.01), and higher serum creatinine (p < 0.01) while lower serum hemoglobin (p < 0.01), albumin (p < 0.01), and total cholesterol (p < 0.01) than those without (Table 1) , all of which were also observed between those with and without eGFR-based CKD. However, those with eGFR-based CKD further had higher BMI (p < 0.01), self-reported hyperlipidemia (p = 0.04), greater waist circumference (p < 0.01) and systolic blood pressure (p = 0.01), higher leukocyte count (p < 0.01), serum globulin (p < 0.01), triglyceride (p = 0.01), and fasting glucose (p < 0.01) than those without (Table 1) , not seen between those with and without self-reported CKD. Significant differences were also observed with regard to the prevalence and severity of geriatric syndromes including depression, cognitive impairment (AD-8 scores), quality of life (BSRS scores), and visual disturbance between those with and without self-reported or eGFR-based CKD, except the prevalence of fall (only between those with and without eGFR-based CKD) ( Table 2) .
We subsequently analyzed clinical parameters and the prevalence or severity of geriatric syndromes, after dividing participants into "dual negative","eGFR positive", "selfreport positive", and "dual positive" groups (Table 3) . We found that significant betweengroup differences existed regarding demographic profiles (age, gender, BMI), self-reported comorbidities (except hyperlipidemia), physical parameters (BP and waist circumferences), laboratory data, and geriatric syndromes (except the prevalence of fall). A diagram summarizing the clinical features and geriatric syndromes that had the highest values, prevalence, or the greatest severity among the 4 groups is provided in Fig. 1 . Elderly patients with dual positive CKD had the highest prevalence of several morbidities, the worst renal function, and the highest degree of laboratory-based inflammation (leukocyte and serum globulin levels) compared to others, while those with only self-reported CKD had a higher prevalence of comorbid gout and cardiac diseases.
We further investigated the individual and combinatorial influences introduced by self-reported and eGFR-based CKD on complications related to CKD. The presence of selfreported and eGFR-based CKD each negatively affected serum albumin, hemoglobin, and total cholesterol levels (p < 0.01 for comparisons of each parameter between the 4 groups using Table 2 . Comparison of geriatric syndromes between the elderly with and without self-reported or eGFRbased CKD. BSRS, Brief Symptom Rating Scale; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate ANOVA) ( Fig. 2A to 2D ), suggesting that both methods of determining CKD play a different but synergistic role in influencing patient outcomes. Similar findings were observed for the severity of geriatric syndromes including cognitive impairment (AD-8 scores) and quality of life (BSRS scores) (p < 0.01) (Fig. 2E and 2F) . Finally, we performed multivariate linear regression analyses to examine the association between the two CKD assessment methods, CKD complications, and geriatric syndromes. Adjusting for demographic profile, other comorbidities, and physical parameters, selfreported CKD stood out independently as a negative determinant for serum albumin (β = -0.04, t = -2.46, p = 0.01) and hemoglobin (β = -0.08, t = -5.44, p < 0.01) but not eGFR-based CKD, while the latter was a negative determinant for total cholesterol (β = -0.12, t = -6.79, p < 0.01) but not the former. Both assessment methods were independent predictors for higher BSRS scores, a surrogate for poor quality of life (for self-reported CKD, β = 0.08, t = 4.58, p < 0.01; for eGFR-based, β = 0.12, t = 6.19, p < 0.01) and higher depression scores (for selfreported CKD, β = 0.06, t = 3.26, p < 0.01; for eGFR-based, β = 0.06, t = 2.98, p < 0.01), while only eGFR-based CKD was significant predictor for higher AD-8 scores, or more cognitive impairment (β = 0.04, t = 2.26, p = 0.02).
Discussion
In this study, we found that older adults with self-reported CKD exhibited a different risk factor combination compared to those with eGFR-based CKD, and the prevalence or severity of geriatric syndromes was higher among those with either form of CKD. Elderly with dual positive CKD (i.e. recognized by both self-report and reduced eGFR) were more likely to have multimorbidity, low eGFR and higher inflammation. After accounting for demographic profile, comorbidities, and physical parameters, self-reported and eGFR-based CKD each had independent association with different types of CKD-related complications and geriatric syndromes.
We observed that the prevalence of self-report CKD (3.2%) was low among the elderly, a finding that would not be unexpected based on the following reasons. First, studies from large population-based screening of CKD already showed that the prevalence of self-report CKD could be very low despite a high prevalence of true CKD. Findings from the KEEP cohort suggested that the prevalence of CKD among 100, 000 participants was 28.7% but only 6.7% had self-report CKD [17] . In the Reasons for Geographical and Racial Difference in Stroke (REGARDS) cohort, only 6.7% of those with CKD reported that they had kidney disease [18] . The low prevalence of self-report CKD in these studies, ranging from 2% to 7%, lends support to the credibility of our findings. Second, our participants were recruited from communitydwelling functionally intact elderly receiving health examination during the study period, and these older participants had relatively little morbidity (see Table 1 , < 15% with DM or heart disease). These factors may underlie the low prevalence of self-report CKD among this study.
Discrepancy between self-reported history and health records is most commonly reported in the documentation of prescribed medications [19] [20] [21] , but under-recognized in the reporting of morbidity. Prior studies revealed that higher age and more severe comorbidities were significant risk factors for inaccurate history reporting [22, 23] ; based on these data, it is likely that among older adults, self-reported CKD is not equivalent to true CKD. Plausible reasons to explain the different detection rates between self-reported and eGFR-based CKD include the limited health literacy for the elderly with CKD, and the erroneous belief that they have concurrent CKD brought by their pre-existing comorbidities. A systematic review identified that 20% to 25% CKD patients had poor health literacy, particularly those with more severe comorbidity and low serum albumin [24] , while others suggested that lower health literacy significantly correlated with poor CKD awareness [25] . These factors may contribute to a "false positive" or false negative result for CKD during medical interview.
In this study, we found that patients with self-reported but without eGFR-based CKD had several interesting features compared to those of the other groups (Fig. 1) , including a higher prevalence of gout and cardiac diseases, suggestive of some metabolic disturbance among these participants. Evidence suggests that aging with or without CKD is accompanied by increased body adiposity, decreased lean mass, and a higher prevalence of metabolic syndrome [26] [27] [28] . Serum uric acid is reportedly associated with a concentration-dependent increased risk of incident CKD or worsening renal function in several studies [29, 30] , while higher age further aggravates the scenario. We surmise that self-reported CKD in the absence of low eGFR can be a surrogate for pre-existing metabolic disturbance predisposing the individual for subsequent CKD development. Having self-reported CKD may represent a transitory status before the onset of laboratory-based CKD, permitting targeted intervene to reduce incident CKD in the future. There are now studies suggesting that treatment for gout and hyperuricemia can successfully lower the subsequent risk of CKD development and these diseases per se influence the risk of acute kidney injury [31] [32] [33] [34] .
Though our findings, based on a large group of older adults, may have their clinical implications, several limitations should be considered when we extrapolate these results to other settings. The associations we observed between CKD assessed by different approaches and various endpoints may not be causative in origin, as we do not have longitudinal followup results at this time. A cohort study would be needed from this perspective. According to past studies, the accuracy of self-report comorbidities can vary depending on the types of diseases, and the comorbidity profile in this study was also based on self-report. However, most studies revealed that the accuracy of self-report cardiometabolic diseases was high, while that of symptom-based disease was low [6, 7] . In this study, we assessed comorbidities related to cardiometabolic diseases only (Table 1) . In order to verify their accuracy, we further ascertained this issue based on the rate of concordance between self-report hypertension, DM and the prescription of anti-hypertensive and anti-diabetic medications. We found that 92.4% and 90.6% self-report hypertensive and diabetic patients used at least one antihypertensive and anti-diabetic medication, respectively. These findings support the accuracy of other self-report comorbidities assessed in this study. In addition, cognitive impairment should also be considered before interpreting our findings of self-reported comorbidities, but we believe that its influence is minimal, since our elderly participants had relatively low severity of cognitive impairment, manifesting as low AD-8 scores on average (0.6 ± 1.4 out of 8). Finally, although there are significant differences in multiple biochemical parameters between groups with different CKD assessments, results in each group are still within the normal range of the tested variables. Thus, our results are most likely applicable to healthy elderly who live in communities. Nonetheless, the influence of this discrepancy on patient outcomes has not been explored before. Our findings of the differential impact on geriatric syndrome severity may pave the way toward better understanding of the clinical importance of how CKD is recognized in the elderly.
Conclusion
In summary, using data from a large cohort of community-dwelling older adults, we found that self-reported and eGFR-based CKD might have different clinical meanings, their associations manifesting with a different subset of comorbidities and CKD-related complications. Self-reported and eGFR-based CKD may act synergistically regarding their influences on CKD-related complications, the prevalence and severity of multiple geriatric syndromes. Since self-reported CKD may serve as a surrogate for pre-existing risk factor for true CKD, an earlier emphasis of risk mitigation strategy and regular medical follow-up for older adults with self-reported but without eGFR-based CKD is recommended in order to prevent the emergence of CKD in the future.
